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EXPRESSION AND SECRETION OF icIL-1 RECEPTOR 
ANTAGONIST TYPE II 

Field of the Invention 

5 The present invention relates to the expression and secretion of 

recombinant proteins produced by DNA plasmid expression vectors in mammalian 
cells. More particularly this invention relates to the recombinant production of 
intracellular IL-1 receptor antagonist (icIL-lra) type II by cultured COS and CHO 
cells, by use of DNA expression vectors containing the genomic DNA sequence of the 
10 human growth hormone (hGH) signal peptide and the cDNA of icIL-lra type II. 

Background of the Invention 

IL-1 (IL-ia and IL-iP) is a pleiotropic cytokine that exerts a variety of 
effects on different tissues (Dinarello, 199!). IL-1 affects nearly every cell type, either 

15 alone or in synergy with other cytokines (Dinarello, 1996). Two natural pathways of 
negative regulation strictly control the potent inflammatory effects of IL-1, under 
physiological conditions. One is IL-1 receptor type II, which is a non-signaling 
cell-surface IL-1 binding molecule, that acts as a decoy target for IL-1 (Colotta et al, 
1993; Sims et al, 1993; Colotta et al, 1994). The second is the unique, IL-1 receptor 

20 antagonist (IL-lra) (Hannum et al, 1990; Eisenberg et al, 1990; Carter et al, 1990) 
polypeptide that binds both surface IL-1 receptors, and inhibits signaling from the 
functional IL-1 receptor. 

Two forms of IL-lra have been identified. The first was a secreted 
form, soluble IL-lra (sIL-lra), that contains a classical 25-amino acid signal peptide 

25 (Eisenberg et al, 1990; Carter et al, 1990). The second, which does not contain any 
signal peptide, was termed intracellular IL-lra (icIL-lra) (Haskill et al, 1991). 
icIL-lra was in fact found to be constitutively expressed intracellularly, in 
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keratinocytes and in epithelial cells. icIL-lra was shown to inhibit exogenous IL-1 
dependent responses (Haskill et al, 1991). 

The two IL-lra isoforms are derived from the same gene. icIL-lra 
transcript originates from an alternative start site, and splicing of an alternative first 
5 exon into an internal splice acceptor site located in the first exon of sIL-lra (Haskill et 
al, 1991). These proteins are thus identical, except in their NH 2 end, in which the 21 
amino acid signal peptide of sIL-lra is substituted by three amino acids in icIL-lra. 
sIL-lra and icIL-lra have a similar capability to inhibit IL-1 activity (Bertini et al, 
1992) although expression of the two antagonists is differentially regulated (Haskill et 
10 al, 1991). 

An additional isoform of icIL-lra, termed the type II icIL-lra, has been 
recently identified, cloned and functionally characterized (Muzio et al, 1995, WO 
96/12022). The type II icIL-lra contains an additional, in-frame, 63 bp sequence 
located three codons downstream of the translation start of icIL-lra. This additional 

15 sequence is inserted between the first and the second exons of the intracellular form of 
IL-lra. The additional exon is coded by an extra exon located 2kb downstream of the 
first icIL-lra specific exon. 

Human growth hormone (hGH) is a 191-amino acid protein synthesized 
and secreted by the somatotroph cells of the anterior pituitary. The hGH gene contains 

20 five exons and is the best characterized of the five members of the hGH gene family 
(DeNoto et al, 1981). In vitro transfection of the hGH gene into mammalian cells was 
found to yield high levels of secreted protein proportional to the levels of cytoplasmic 
hGH mRNA. Thus, secretion does not appear to be the rate-limiting step for 
appearance of hGH in the culture medium (Selden et al, 1986). The hGH gene 

2 5 includes a 26 amino acid signal peptide. 

Pecceu et al (1991) discloses an attempt to use the human growth 
hormone signal peptide to create a hybrid gene with the mature form of interleukin-lP 
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(IL-lP) in order to cause mammalian cells to secrete recombinant IL-lP. Natural 
IL-lP is expressed initially as an intracellular 31-kDa precursor polypeptide. When 
proteolytic processing of the precursor occurs, secretion of a mature 17-kDa IL-lP in a 
soluble mature non-glycosylated form occurs. Pecceu discloses that fusion of the 
5 mature form of IL-lP to the heterologous hGH leader sequence permitted the mature 
IL-lP to be secreted in mature form in CHO cells, although the form which was 
secreted was a glycosylated form as opposed to the non-glycosylated natural form. 
Pecceu discloses that the glycosylated form is biologically active. However, Pecceu 
further states that when the biologically active part of IL-lP was preceded only by a 

10 methionine and synthesized in CHO cells, a considerable percentage of the IL-lP 
produced was quite unexpectedly found in the culture medium. This disclosure leaves 
some amount of doubt as to whether it was the hGH signal peptide which caused the 
expression of the IL-lP in the CHO cells or whether such expression was specific to 
the mechanism involved with this particular protein, the mature form of which is 

15 naturally secreted after a precursor protein is expressed intracellular^ and then 
cleaved to form the mature protein which is secreted. Furthermore, Pecceu reports no 
results as to whether the non-natural glycosylated form of IL-lP creates an 
immunologic reaction when administered to a human or is recognized as a self protein. 

Specific situations involving the recombinant production of 

20 non-secretory proteins by fusing a signal peptide of another secretory protein are 
disclosed in Bjorkdahl et al (1997) and Komada et al (1997). 



Summary of the Invention 

The present invention provides a method for the production of a 
25 recombinant intracellular protein, icIL-lra type II, in mammalian cells. More 
particularly, the invention provides a process for engineering proteins to be secreted by 
use of a signal peptide derived from hGH in different expression vectors and to 
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produce the secreted proteins in different mammalian cells. 

Description of the Figures 

Figures 1A-1C show, in Fig. 1A, the genomic hGH signal peptide DNA 
5 sequence (SEQ ID NO:l), its amino acid sequence (SEQ ID NO:2), and the primers 
PI and P2; in Fig. IB, the beginning (SEQ ID NO:3) and the end (SEQ ID NO:5) of 
icIL-lra type II cDNA, their amino acid sequences (SEQ ID NO:4 and NO:6), and 
primers P3 and P4 used for construction of the fusion constructs, and in Fig. 1C a 
schematic representation of templates and primers. 
10 PI: hGH-sp 5' primer, containing Hindlll restriction site (SEQ ID 

NO:7). 

P2: hGH-sp 3' primer, containing 3' icIL-lra-II sequence overhang (SEQ 

ID NO:8). 

P3: icIL-lra-II 5' primer, containing 5' hGH-sp sequence overhang (SEQ 

15 IDNO:9). 

P4: icIL-lra-II 3 f primer, containing two stop codons and BamHI 
restriction site (SEQ ID NO: 10). 

Figures 2A-2C describe, in Fig. 2A, the construction of the pCDIC and, 
in Fig. 2B, the construction of pSGHIRA2 DNA vectors used for expression of the 
20 icIL-lra type II in mammalian cells. Fig. 2C is a scheme of pDHFR. 

Detailed Description of the Invention 

The natural form of icIL-lra type II is expressed intracellular^ and is 
not secreted by the cells in which it is produced. However, in accordance with the 
25 present invention, this protein can be secreted in a mammalian recombinant production 
system by fusing the DNA encoding the protein to the DNA encoding the signal 
peptide of another human protein which is normally expressed and secreted by human 
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cells, and which is known to cause expression of the human protein in non-human 
mammalian expression systems. Preferably, the signal peptide is the 26-amino acid 
signal peptide of the human growth hormone gene- 
Prior to the present invention, it could not have been reasonably 
5 predicted whether or not the hGH signal peptide would drive the expression of 
icIL-lra-II in a mammalian cell expression system in view of the fact that icIL-lra-II 
is naturally expressed only intracellular^ and is not secreted from the cell. In the 
known prior art, as represented by Pecceu et al (1991), the hGH signal peptide was 
used to express and secrete the mature form of IL-lP- However, the mature form of 

10 IL-lP is naturally secreted from the cells in which it is produced, although indirectly. 
A precursor protein is first produced which, after intracellular processing, is secreted 
from the cell. However, Pecceu discloses that when a recombinant vector containing 
only the DNA encoding the mature form of IL-lP, without any signal protein, is used, 
the protein is secreted from CHO cells. Thus, it could -not be predicted with a 

15 reasonable degree of certainty that a protein such as icIL-lra-II, which is only 
expressed intracellularly and is not naturally secreted from the cell, could be made to 
be secreted in large quantities in a recombinant mammalian expression system when 
fused to an hGH signal peptide or to a signal peptide of another secretory protein. 

The icIL-lra-II protein produced in accordance with the present 

20 invention is glycosylated while the natural protein is non-glycosylated. Thus, the 
present invention further relates to the two novel glycosylated forms of icIL-lra-II 
produced for the first time by means of the present invention. These are the 
glycosylated forms which have apparent molecular weight of approximately 27 kDa 
and 30 kDa as determined by Commassie blue staining of SDS-PAGE (15% 

25 acrylamide under reducing conditions). It could not be predicted with a reasonable 
degree of certainty whether these novel glycosylated forms of icIL-lra-II will retain 
the biological activity of natural icIL-lra-II and will not be immunogenic when 
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administered to humans. Experiments with these two novel glycosylated forms of 
icIL-lra II will establish that they are indeed biologically active and non-immunogenic 
when administered to humans. 

Accordingly, the present invention is directed to a process for the 
5 recombinant expression of a protein having the amino acid sequence of natural 
icIL-lra-II in a recombinant cell expression system through use of a vector which is a 
fusion of the signal peptide of a human secretory protein, preferably the 26 amino acid 
signal peptide of hGH, fused in proper reading frame with the DNA encoding 
icIL-lra-II. The process comprises producing an expression vector containing DNA 

10 encoding icIL-lra-II, either in the form of cDNA or genomic DNA, fused in proper 
reading frame with DNA encoding the selected signal peptide, preferably the 26 amino 
acid hGH signal peptide. The expression vector is then inserted into an appropriate 
expression host, such as CHO cells. The transformed host cells are then cultured in a 
manner which causes the expression vector to express its encoded protein and the 

15 expressed and secreted icIL-lra-II protein is then collected and purified from the 
culture medium. 

The present invention is not intended to be limited by the specific 
examples presented herein. While CHO cells are used as the host cells, any other 
eukaryotic expression system, preferably mammalian expression system, may be used 

20 such as COS cells, yeast cells, insect cells, etc. Those of ordinary skill in the art are 
well aware of the techniques of creating expression vectors, inserting them into 
expression systems and selecting clones which express the desired protein, including 
amplification techniques. 

As would be appreciated by those skilled in the art, the types of 

25 promoters used to control transcription of the icIL-ra-II proteins may be any of those 
which are functional in the host cells. Examples of promoters functional in 
mammalian cells include the SV40 early promoter, adenovirus major late promoter, 
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herpes simplex (HSV) thymidine kinase promoter, rous sarcoma (RSV) LTR 
promoter, human cytomegalovirus (CMV)immediate early promoter, mou.^e mammaiy 
tumor virus (MMTV) LTR promoter, interferon- P promoter, heat shock protein 70 
(hsp 70) promoter, as well as many others well known in the an. These promoters 
5 may be either constitutive or regulatable. All else being equal, constitutive promoters 
are preferred because an extra treatment step, such as temperature shift, addition of 
chemical agents or inducers, etc., is not required for expression from constitutive 
promoters. 

The technical advance of the present invention lies in the confirmation 
10 that icIL-1 ra-II can be secreted in such an expression system when using a signal 
peptide of a human secretory protein, preferably hGH. All of the other techniques 
involved are well known to those of ordinary skill in this art and can be practiced 
without undue experimentation using only the knowledge of the skill of the art 
available at the time of the present invention. 
15 The present invention further is directed to the expression vector which 

contains the icIL-lra-II DNA fused to the DNA encoding a signal protein of a human 
secretory protein, such as hGH, and host cells transfected with such an expression 
vector. 

The present invention is further directed to the novel glycosylated forms 
20 of icIL- 1 ra-II produced in accordance with the present invention. 

The invention further relates to methods for reducing the amount of IL-1 
in patients having a condition involving the overexpression of IL-1, by administering 
one of the novel glycosylated icIL-1 ra-II proteins in accordance with the present 
invention in a therapeutically effective amount. Appropriate therapeutic dosages for 
25 the reduction of IL-1 in patients having such a condition, can be readily empirically 
determined by those of ordinary skill in the art. 

The glycosylated icIL-1 ra-II proteins of the present invention may be 
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administered by any means that achieves its intended purpose. For example, 
administration may be by a number of different parenteral routes including, but not 
limited to, subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal, 
intracerebral, intranasal, oral, transdermal, or buccal routes. Parenteral administration 
5 can be bolus injection or by gradual perfusion over time. 

It is understood that the dosage administered will be dependent upon the 
age, sex, health, and weight of the recipient, kind of concurrent treatment, if any, 
frequency of treatment, and the nature of the effect desired. The total dose required 
for each treatment may be administered by multiple doses or in a single dose. By 

10 "effective amount", it is meant a concentration of glycosylated icIL-lra-II protein 
which is capable of reducing the amount of IL-1 in patients having a condition 
involving elevated levels of IL-1. Such concentrations can be routinely determined by 
those of skill in the art. It will also be appreciated by those of skill in the art that the 
dosage may be dependent on the stability of the administered protein. A less stable 

15 protein may require administration in multiple doses. 

The invention also relates to pharmaceutical compositions comprising 
the glycosylated icIL-lra-II protein of the present invention with a pharmaceutically 
acceptable excipient. 

Preparations for parenteral administration include sterile aqueous or 

20 non-aqueous solutions, suspensions, and emulsions, which may contain auxiliary 
agents or excipients which are known in the art. 

Pharmaceutical compositions comprising the glycosylated icIL-lra-II 
protein according to the invention include all compositions wherein the protein is 
contained in an amount effective to achieve its intended purpose. In addition, the 

25 pharmaceutical compositions may contain suitable pharmaceutically acceptable 
carriers comprising excipients and auxiliaries which facilitate processing of the active 
compounds into preparations which can be used pharmaceutically. Suitable 
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pharmaceutically acceptable vehicles are well known in the art and are described for 
example in Gennaro, Alfonso, Ed., Remington's Pharmaceu tical Sciences, 18th 
Edition, Mack Publishing Co., Easton, PA (1990), a standard reference text in this 
field. Pharmaceutically acceptable vehicles can be routinely selected in accordance 
5 with the mode of administration and the solubility and stability of the protein. For 
example, formulations for intravenous administration may include sterile aqueous 
solutions which may also contain buffers, diluents and other suitable additives. 

While any excipients known for the administration of therapeutic 
proteins can be used in accordance with the present invention, excipients used for 

10 intravenous administration are preferred. 

Suitable formulations for parenteral administration include aqueous 
solutions of the active compounds in water-soluble form, for example, water-soluble 
salts. In addition, suspension of the active compound as appropriate oily injection 
suspensions may be administered. Suitable lipophilic solvents or vehicles include fatty 

15 oils, for example, sesame oil, or synthetic fatty acid esters, for example, ethyl oleate or 
triglycerides. Aqueous injection suspensions that may contain substances which 
increase the viscosity of the suspension include, for example, sodium carboxymcthyl 
cellulose, sorbitol, and/or dextran. Optionally, the suspension may also contain 
stabilizers. 

20 The vectors in accordance with the present invention can also be used in 

gene therapy to cause appropriate human cells to express icIL-lra-II in vivo in order to 
direct the IL-1 antagonizing effect of this protein directly at the desired site. The 
novelty of this process lies in the particular vector and the knowledge of the activity of 
the glycosylated protein produced thereby and not in the specific methods of gene 

2 5 therapy, including the methods of introducing an expressible vector directly into the 
cells of interest. These are within the skill of those of ordinary skill in this art at the 
time the present invention was made. 
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Example It Generation of hGH-sp- icIL-ra-II Fragment 

The human growth hormone hGH signal peptide sequence was amplified 
by PCR using the pXGH5 vector, which encodes the full-length human growth 
hormone genomic sequence, as template (DeNoto et al, 1981). pXGK5 was used as a 
template for PCR using primers PI (containing a Hindlll restriction site and a Kozak 
sequence) and P2 (which has a 3* icIL-lra-II sequence overhang, Fig. 1A). The 
icIL-lra-II cDNA was amplified by PCR with primers P3 (which has a 5' hGH signal 
peptide sequence overhang) and P4 (which has two stop codons and a BamHI 
restriction site, Fig. IB). These two PCR fragments were annealed together by their 
homologous regions and were further amplified by PCR using primers PI and P4, to 
generate the hGH-icIL- 1 ra-11 fragment (Fig. 1 C). 

Example 2: Construction of pCDIC 

hGH-sp-icIL-lra-II fragment was digested with Hindlll and BamHI and 
cloned into the Hindlll-BamHI sites of pCDNA3.1 (+) (Invitrogen, San Diego, Fig. 
2A) downstream of the CMV promoter. The resulting vector (pCDIC, Fig. 2A) was 
mapped by restriction analysis, and used to transfect COS cells. 

Example 3: Construction of pSGHIRA2 

hGH-sp-icIL-lra-II fragment was digested with Hindlll and BamHI, and 
cloned into Hindlll-Bcll sites of pSVE3 (Fig. 2B; Hartman et al, 1982), downstream 
of the early SV-40 promoter. The resulting vector pSGHIRA2 (Fig. 2B) was used to 
transfect CHO DUKX (ATCC, CRL 9010) cells in co-transfection with the mouse 
DHFR containing vector pDHFR (Fig. 2C) as detailed below. The constructs were 
analyzed by restriction mapping and sequenced. 
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Example 4: Expression Vector Carrying the Mouse DHFR Gene 

Plasmid pDHFR (Fig. 2C) is composed of the complete pBR322 
sequence, the SV40 early gene promoter, the 70 bp splicing region of the mouse y2.a 
5 gene fused to the mouse DHFR cDNA, followed by the SV40 early gene 
polyadenylation signal. 

Example 5: Transient Expression in COS Cells 

pCDIC DNA was used for transfecting COS cells by means of the 

10 DEAE dextran method. Cells were seeded at 

approximately 3xl0 6 /80 cm 2 flask and allowed to grow overnight. The next day all 
medium was aspirated from the flasks and 5 ml of transfection medium was added to 
the cells. Transfection medium contains 400 Hg/ml DEAE dextran 100 
Chloroquine, 2 Hg/ml DNA, and 10% NuSerum in RPMI medium. After incubation 

15 for 3-4 hrs at 37°C the transfection medium was removed by aspiration and replaced 
with 5 ml of 10% DMSO in PBS for 2 minutes at room temperature. This solution 
was then aspirated and culture medium containing 10% FBS in RPMI added to the 
flasks. The cultures were incubated at 37°C for 24 hours, then the culture medium 
was changed to medium containing 2% serum. 24 hours later incubation temperature 

20 was reduced to 32°C, and culture supernatant samples were analyzed for the presence 
of the icIL-lra type II in the culture supernatant by ELISA (see Example 7). 6-7 
Hg/lxlO 6 cells/run icIL-lra type II were secreted from the transfected COS cells. 
Highest production levels were at days 4 to 8 following transfection. These results 
indicate that fiision of the hGH signal peptide to the intracellular form of IL-1-lra type 

2 5 II, enables its secretion into the culture medium of the transfected cells. 
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Example 6: Stable Expression in CHO Cells 

CHO cells were cotransfected with pSGHIRA2 vector carrying the 
genes for icIL-lra type II and with pDHFR carrying the gene for mouse DHFR 
(described in Fig. 2C), by means of the Lipofectamine transfection method. 
5 Cells were seeded lxl0 6 /10 cm plate in F12 medium containing 10% 

FCS, and allowed to grow overnight. The cells were washed in F12 medium, and 8 ml 
of the DNA-Lipofectamine mixture was added to the plates, which were then 
incubated for 4-5 hours at 37°C. At the end of the incubation period, 8 ml of F12 
medium containing 20% FCS were added, and the plates were incubated for 24 hours 

10 at 37°C. The culture medium was then changed to fresh F12 medium containing 10% 
FCS. 72 hours following transfection cell cultures were seeded, either by limiting 
dilution, or by subculture at a 1:20 dilution, into selective medium depleted of 
Thymidine and Hypoxantine, containing 10% dialyzed FCS, and allowed to grow until 
single colonies could be picked and analyzed. Expression of icIL-lra-II by eight 

15 stably integrated CHO clones is summarized in Table 1. The process lends itself to 
scale up by methods known in the art. 
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Table 1 

Specific Productivity of icIL-lra-II by CHO Clones 



Clone Number 


Specific Productivity 
ng/10 6 cells/day 


Before MTX Amplification 


After MTX Amplification 
(up to 400 nM MTX) 


1-33 


118 


273 


2-56 


91 


220 


1-64 


122 


186 


1-84 


194 


245 


2-2 


92 


524 


2-66 


124 


283 


2-73 


82 


218 


2-88 


120 


442 
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The MTX amplification was performed as follows: 
Cells that grew in the absence of MTX were seeded to six T-flasks, in 
the presence of different MTX concentrations (e.g., 0, 2nM, 5nM, lOnM, 20nM, 
50nM). About 10 days later, the cultures were observed microscopically and the cells 
5 were counted, in order to determine survival. The MTX concentration that allowed 
the survival of approximately 10% of the culture was selected for further propagation. 
The second round of amplification was performed in a similar manner, however the 
MTX concentrations were higher, starting from the MTX concentration that was 
selected at the first round. The cultures were again scored for survival, relative to the 
10 control MTX concentration of this round. The clones presented in Table 1 were 
amplified to the MTX concentrations shown in Table 2. 



Table 2 



Clone 


MTX 

First Round 


MTX 

Second Round 


1-33 


20nM 


300nM 


1-64 


20nM 


400nM 


1-84 


20nM 


lOOnM 


2-2 


50nM 


200nM 


2-56 


50nM 


lOOnM 


2-66 


20nM 


lOOnM 


2-73 


20nM 


lOOnM 


2-88 


20nM 


lOOnM 
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Example 7: ELISA Test 

Microtiter piates (Nunc) were coated with mouse ami IL-lra antibody 
(purified ascitis IgG, MCA 1467, clone 1384, Serotec Ltd, Oxford, UK) 5 Hg/ml in 
5 PBS (100 Ml/well), for 3 hrs at 37°C, and stored 40°C. The plates were washed with 
PBS containing Tween 20 (0.05%, referred to herein as washing buffer) and blocked 
with the same solution containing 1% bovine serum albumin (BSA, referred to herein 
as blocking solution) for 1 hour at 37°C. Plates were then washed in washing buffer. 
The samples to be analyzed were diluted in the blocking solution, and added to the 

10 wells (100 ul/well) for 90 minutes at 37°C. The plates were then washed 6 times in 
washing buffer, followed by addition of biotinylated anti human IL-lra antibody (100 
Ml/well of a 1:10,000 dilution, MCA 1466B, clone 1390m, Serotec, Oxford, UK). 
Plates were incubated for 1 hr at 37°C and washed with washing buffer. A 
horseradish peroxidase (HRP) streptavidin conjugate (1 mg/ml Sigma, Rehovot, Israel, 

15 100 uVwell diluted 1:10,000 in blocking buffer) was then added to the plates, and 
incubated for 1.5 hours at 37°C. The plates were then washed in buffer and the 
substrate solution (o-phenylenediamine dihydrochloride, OPD, Sigma Rehovot, Israel, 
100 ul/wcll) was added for 10 min. at 22°. The reaction was stopped by addition of 
100 pl/well of 4N HC1. The plates were then read in an automated Elisa reader. A 

20 standard preparation of IL-lra (Serotec, Oxford, UK, PHP080, 2-128 ng/ml) was 
used as reference for the IL-lra concentration. 

Example 8: Affinity Chromatography of icIL-lra Type II wit h Monoclonal 
Antibodies 

25 Affinity chromatography of icIL-lra type II was performed by binding 

anti-human IL-lra antibodies (purified ascitis IgG, MCA 1467, clone 1384, Serotec 
Ltd, Oxford, UK) to CNBr activated Sepharose 4B (5 mg/ml resin, Pharmacia, 
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Uppsala, Sweden). Culture supernatant from CHO cells, of clone 2-88 of the 
above-mendoned Example 6 was diafiltrated over a 100K membrane and then 
concentrated over a 10K membrane. Concentrated proteins were dialyzed against 0.1 
M NaHC0 3? 150 mM NaCI pH 8.2. This procedure enriched the product 
5 concentration, reduced the volume of sample (100 fold) and removes major impurities. 
The yield of this step is about 85%. 30 ml of concentrated proteins were loaded on a 
3.2 ml column, that had been equilibrated with 0.1 M sodium carbonate, 150 mM 
sodium chloride, pH 8.3, at a flow rate of 2 ml/min. icIL-lra was eluted in 150 mM 
citric acid, 300 mM NaCI pH 2.7. Eluted fractions were immediately neutralized with 
10 1M Tris pH 9.3. The fraction eluted resolved into two bands of apparent molecular 
weight of approximately 27 kDa and 30 kDa respectively, as determined by 
Commassie blue staining of SDS-PAGE (15% acrylamide under reducing conditions). 
The different molecular weights are presumably due to variations in glycosylation. 

15 Example 9: Western Blot 

The affinity chromatography column eluate of above-mentioned 
Example 8 was concentrated by filtration on a 3K membrane (Miniset, Pall Filtron, 
Northborough, MA). Fractions were resolved on a 15% acrylamide SDS-PAGE gel 
under reducing conditions (Readygel BioRad, Hercules, CA) and electroblotted onto a 

20 nitrocellulose membrane (BRL, Life Technologies, MD). The blot was incubated in 
PBS containing 10% low fat milk, 0.1% Tween 20, overnight. The blot was then 
incubated with mouse anti human IL-lra antibodies (purified ascitis IgG 1:5,000, 
MCA 1467, Serotec Ltd, Oxford, UK) for 2 hours at RT, then washed three times for 
15 minutes in PBS containing 0.1% Tween 20, and further incubated with goat 

2 5 anti-mouse horseradish peroxidase-alkaline phosphatase ( 1 : 10,000 Sigma, Israel) for 1 
hour at RT. The blot was then washed 3 times in PBS containing 0.1% Tween 20, 
followed by detection with enhanced luminescence (Amersham). Two protein bands 
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of approximately 27 kDa and 30 kDa, respectively, corresponding to icIL-lra, were 
identified. 

Example 10: Protein Sequence Analysis 

The purified fraction from the immunoaffinity chromatography column 
of Example 8 was electroblotted in parallel, both on a PVDF membrane (Millipore, 
Bedford, MA), and on a nitrocellulose membrane for Western blotting analysis as 
described in the above-mentioned Example 9. The two bands stained by Coommassie 
blue were both recognized as IL-lra by Western blot analysis. The purified fraction 
eluted from the affinity chromatography column, as well as the two bands excised 
from the Coomassie blue stained PVDF membrane, were subjected to protein 
sequence analysis by Edman degradation in the Procise™, 491HT microsequencer 
(Applied Biosystems, USA). Sequencing of the N-terminal amino acids, indicated that 
the purified fraction separated from the culture supernatant contained two forms of 
icIL-lra. The amino acid sequence obtained, ALADLYEEGGGGGGE (SEQ ID 
NO: 11), demonstrated that the secreted protein represented the mature icIL-lra type II 
protein beginning at amino acid position +2 from the deduced start of translation of 
the gene (GENBANK, ID# X84348). An additional icIL-lra form, beginning at 
amino acid +1 from the deduced start of translation of the icIL-lra type II, was found 
as well. 

Having now fully described this invention, it will be appreciated by 
those skilled in the art that the same can be performed within a wide range of 
equivalent parameters, concentrations, and conditions without departing from the spirit 
and scope of the invention and without undue experimentation. 

While this invention has been described in connection with specific 
embodiments thereof, it will be understood that it is capable of further modifications. 
This application is intended to cover any variations, uses, or adaptations of the 
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inventions following, in general, the principles of the invention and including such 
departures from the present disclosure as come within known or customary practice 
within the art to which the invention pertains and as may be applied to the essential 
features hereinbefore set forth as follows in the scope of the appended claims. 
5 All references cited herein, including journal articles or abstracts, 

published or unpublished U.S. or foreign patent applications, issued U.S. or foreign 
patents, or any other references, are entirely incorporated by reference herein, 
including all data, tables, figures, and text presented in the cited references. 
Additionally, the entire contents of the references cited within the references cited 
10 herein are also entirely incorporated by reference. 

Reference to known method steps, conventional method steps, known 
methods or conventional methods is not in any way an admission that any aspect, 
description or embodiment of the present invention is disclosed, taught or suggested in 
the relevant art. 

15 The foregoing description of the specific embodiments will so fully 

reveal the general nature of the invention that others can, by applying knowledge 
within the skill of the art (including the contents of the references cited herein), readily 
modify and/or adapt for various applications such specific embodiments, without 
undue experimentation, without departing from the general concept of the present 

20 invention. Therefore, such adaptations and modifications are intended to be within the 
meaning and range of equivalents of the disclosed embodiments, based on the teaching 
and guidance presented herein. It is to be understood that the phraseology or 
terminology herein is for the purpose of description and not of limitation, such that the 
terminology or phraseology of the present specification is to be interpreted by the 

25 skilled artisan in light of the teachings and guidance presented herein, in combination 
with the knowledge of one of ordinary skill in the art. 
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CLAIMS 

1 . An expression vector, comprising a DNA segment encoding a signal 
peptide of a protein which is normally expressed and secreted by human cells, joined 
to a DNA segment encoding intracellular IL-1 receptor antagonist type II (icIL-lra-II) 

5 and operably linked to a promoter sequence, wherein said icIL-lra-II is expressed 
from said promoter sequence and translated with said signal peptide fused in frame to 
iciL-lra-Il. 

2. An expression vector in accordance with claim 1, wherein said signal 
peptide is human growth hormone signal peptide. 

10 3. A host cell transformed with the expression vector of claim 1 . 

4. A host cell transformed with the expression vector of claim 2. 

5. A host cell in accordance with claim 3, wherein said cell is an 
endogenous cell of a human host. 

6. A host cell in accordance with claim 4, wherein said cell is an 

15 endogenous cell of a human host. 

7. A method for producing a recombinant icIL-lra-II comprising the 

steps of: 

culturing a host cell according to claim 3 to express and produce a 
recombinant glycosylated icIL-lra-II; 
20 recovering the produced recombinant glycosylated icIL-lra-II. 

8. A method for producing a recombinant icIL-lra-II comprising the 

steps of: 

culturing a host cell according to claim 4 to express and produce a 
recombinant glycosylated icIL-lra-II; 
2 5 recovering the produced recombinant glycosylated icIL-lra-IL 

9. A glycosylated icIL-lra-II produced by a method according to claim 

7. 
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10. The glycosylated icIL-lra-II according to claim 9 having an 
apparent molecular weight of about 27 kDa on SDS-PAGE under reducing conditions 
with 15% acrylamide. 

11. The glycosylated icIL-lra-II according to claim 9 having an 
5 apparent molecular weight of about 30 kDa on SDS-PAGE under reducing conditions 

with 1 5% acrylamide. 

12. A pharmaceutical composition, comprising the glycosylated 
icIL-lra-II according to claim 9 in a therapeutically effective amount and a 
pharmaceutically acceptable excipient. 

10 13. A method for reducing the amount of IL-1 in a patient having a 

condition associated with overexpression of IL-1, comprising administering the 
pharmaceutical composition according to claim 12 to a patient in need thereof. 

14. A method for reducing the amount of IL-1 at a desired site in a 
human patient, comprising introducing a vector in accordance with claim 3 into 

15 appropriate endogenous human cells at the desired site to produce transformed cells 
which will express icIL-lra-II at the desired site. 

15. A method for reducing the amount of IL-1 at a desired site in a 
human patient, comprising introducing a vector in accordance with claim 4 into 

20 appropriate endogenous human cells at the desired site to produce transformed cells 
which will express icIL-lra-II at the desired site. 
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